Myxosporeans in the genus Parvicapsula are potential pathogens of both wild and farmed fish. Parvicapsula minibicornis Kent, Whitaker & Dawe, 1997 has caused high mortality in pre-spawning sockeye salmon Oncorhynchus nerka in the Fraser River watershed in British Columbia, Canada (Raverty et al. 2000 , StHilaire et al. 2002 . Parasite-induced destruction of renal glomeruli and tubules was reported as the cause of death (Raverty et al. 2000 ). An unidentified Parvicapsula species was reported to have caused significant mortality in sea-farmed coho salmon Oncorhynchus kisutch in Washington and Oregon, USA (Hoffman 1984 , Johnstone 1984 . Seven other species of Parvicapsula have been described from the urinary system of a number of marine fish (Shulman 1953 , Kabata 1962 , Evdokimova 1977 , Kovaljeva & Gaevskaya 1981 , Dorothy & Kalavata 1993 , Landsberg 1993 , Zhao et al. 2000 .
In March 2002, severe mortality was recorded in a fish farm (A) in northern Norway. By the end of April 2002, 35% of 200 000 Atlantic salmon Salmo salar transferred to seawater in September 2001 were lost. Myxosporeans, subsequently assigned to the genus Parvicapsula, were found in the pseudobranchs of diseased fish submitted to the National Veterinary Institute. A few weeks later, similar parasites were found in fish from 2 other fish farms (B and C), where mortality was modest (2 to 3%). Myxosporeans in the genus Parvicapsula have not previously been reported as pathogenic parasites in farmed Atlantic salmon, and the apparent preference for the pseudobranches represents a new feature for these parasites. Observations made on parasites and fish in these cases are presented here.
Materials and methods. The affected fish farms are located in the Alta Fjord, 70°15' N, 23°30' E (A), Tana Fjord 70°15' N, 28°0' E (B) and Lyngen Fjord 69°45' N, 20°30' E (C). Farms A and B had received smolts of the same stock and from the same hatchery, while the fish in Farm C were of a different origin. All diseased fish had been transferred to seawater in September 2001, as 0+ smolts. The water temperature was approximately 3°C and salinity was approximately 33 ‰ in May 2002, when fish with clinical signs of disease were sampled for examination. Fish (20, 10 and 10; 200 to 300 g), from Farms A, B and C, respectively, were submitted on ice for autopsy. Formalin-fixed organs and fresh blood samples from an additional 10 fish were sent from Farm B. Fish from Farms A, B and C (14, 17 and 9; 40 in total) were autopsied, while haematocrit values were recorded in all 40 fish sent from Farms A and B.
Wet-mount squeeze preparations of several organs were examined under a phase contrast light microscope. Tissue samples were fixed in formalin and embedded in paraffin for histological examination. Sections were stained with haematoxylin and eosin (H&E) and selected serial sections were stained according to Perls' Prussian blue method for the detec- A myxosporean parasite assigned to the genus Parvicapsula was detected in the pseudobranchs of diseased fish, and extensive destruction of this organ was observed.
The parasite was also found in the gills, liver and kidney of some fish. Based on host species, spore morphology, and the unusual site preference of the parasite, it is likely that it represents a hitherto undescribed species. The diseased fish had been transferred to seawater in September 2001, and it is believed that the infection took place shortly after exposure to seawater. The source of infection is unknown.
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Resale or republication not permitted without written consent of the publisher tion of ferric iron. Additional tissue samples, cut in small pieces, were fixed in 3% cacodylate buffered glutaraldehyde while shaken, to release spores for scanning electron microscopy (SEM). Fixed spores were post-fixed in 1% osmium tetroxide, dispersed on a nucleopore filter, gold-sputtered and viewed in a JEOL JSM 6400 scanning microscope.
All fish from Farm A were examined for bacterial and viral infections. Kidney samples for bacteriology were streaked onto blood agar plates with and without additional supplementation of 2% NaCl, and incubated at 15 and 22°C, respectively, for 6 d. Kidney samples for virology were inoculated into cultures of BF-2, EPC and CHSE-214 cells (Dannevig et al. 2001) .
Results. Macroscopic observations: Clinical signs of disease included sluggish swimming and exophthalmia. The diseased fish were in normal to poor condition. Little or no feed was observed in the gastrointestinal tract. Crescent-shaped haemorrhages were seen in the eyes of many fish (n > 20). Petecchial haemorrhages were seen on the inside of the operculae and in the skin on the anterior abdomen of a few fish (n < 10). The pseudobranchs were covered with a white matter, and the filaments of gill arches in immediate vicinity of affected pseudobranchs were whitish in a few fish (n < 10). The livers of several fish were pale or curry-yellow (n > 20). Haemorrhages in liver and/or in the peritoneal cavity were seen in a few fish (n < 10). Vaccineinduced fibrous peritonitis was observed in all fish. Mean haematocrit values of 26 and 22% in Farms A and B, respectively, indicated anaemia.
Microscopic observations and histopathology: Numerous structures identified as spores and disporic pseudoplasmodia of a myxosporean parasite were present in wet mount preparations of pseudobranch, gill and liver tissue (Figs. 1 & 2) . The spores were asymmetrical, slightly curved, and with 1 of the 2 unequal spore valves ending in a caudal projection (Figs. 1 to 5 ). Fresh spores measured with an ocular micrometer had a mean length of 14.4 µm (13.8 to 15.1 µm) (n = 15), and mean width was 7.2 µm (6.3 to 7.8 µm). Two subspherical polar capsules were located in the anterior end of the spores, 1 posterior to the other (Figs. 1 & 2) . The mean diameter of the polar capsules was 3.0 µm (2.5 to 3.2 µm).
The parasites were present in wet mount preparations and/or histological sections of pseudobranchs from all fish (n = 40). In the most severely affected pseudobranchs there were high numbers of spores and pseudoplasmodia in the capillaries, epithelium and connective tissue, with only small areas of apparently normal tissue remaining (Figs. 7 to 9). A moderate number of predominantly mononuclear inflammatory cells were seen in the lamellae and in the surrounding connective tissue. Spores and pseudoplasmodia, similar to those found in the pseudobranchs, were also found in gills, liver and kidney of 7, 6 and 1 fish, respectively (Figs. 10 & 11) . Few to high numbers of inflammatory cells were seen in the gill filamental epithelium and central venous sinus. The number of leucocytes in circulating blood was elevated. Moderate to extensive amounts of ferric iron were stored in many macrophage-like cells in the spleen (Fig. 12 ). There was a moderate hyperplasia of melanomacrophages in the kidney. A low number of inflammatory cells were seen in the endocardium of most fish. 
Microbiology:
Moritella viscosa grew abundantly in pure culture from the kidney of 1 fish, which, however, did not display septicaemic changes. No other bacteria were cultured and no viruses were detected.
Discussion. The myxosporean parasites found in the pseudobranchs of farmed Atlantic salmon are assigned to the genus Parvicapsula. This is based on the following morphological characteristics: disporic pseudoplasmodia, and asymmetrical spores with a caudal projection on 1 of the 2 unequal spore valves (see Shulman 1966 , Lom & Dykova 1992 . Compared to other Parvicapsula species isolated from salmonids, the spores most closely resemble those of a Parvicapsula sp., reported to cause high mortality in farmed coho salmon from Washington, USA (Hoffmann 1984 , Johnstone 1984 . The spores of P. minibicornis, which causes disease in wild sockeye salmon in the Fraser River, Canada, are clearly different, being symmetrical, with pyriform polar capsules, and 2 caudal projections (Kent et al. 1997 ). The present species best fits the description of P. unicornis Kabata, 1962, described from the urinary bladder of Limanda limanda, Callionymus lyra and Lepidorhombus whiffiagonis from the North Sea. However, the smaller spores of this species, 7 to 8 µm according to Kent et al. (1997) and 12 µm according to Lom & Dykova (1992) , together with the differences in organ and host preference, indicate that the present species from farmed salmon is a different and thus undescribed species. Until a closer description is made, the present myxosporean is tentatively designated as a Parvicapsula sp.
Based on macroscopic, histopathological and haematological findings we believe that the observed mortality in farmed Atlantic salmon can be attributed to the isolated Parvicapsula sp. The extensive destruction of the pseudobranchs indicates loss of function. Although its function is not fully understood, the pseudobranch is most probably responsible for the supply of oxygen to the retina of the fish eye (Wittenberg & Wittenberg 1962 , Fairbanks et al. 1969 , Bridges et al. 1998 . Additional sensory roles linked to blood parameters such as Na + concentration, osmotic pressure, pH and O 2 /CO 2 concentration have also been suggested (see Bridges et al. 1998) .
The occurrence of parasites in extra-pseudobranchial locations was probably underestimated, as the organisms were difficult to recognize in sections. Nevertheless, the demonstration of parasites in different organs combined with haemorrhages within the eye, leucocytosis, branchitis and endocarditis clearly indicate a systemic infection. The anemia and extensive iron storage in the spleen indicate that the infection results in increased destruction and/or reduced production of red blood cells.
The source of infection in the present cases of parvicapsulosis is unknown. The genus Parvicapsula is considered a marine genus (Kent et al. 2001) , which indicates infection following seawater transfer. Based on the existing knowledge of myxosporeans, it is assumed that the fish have been infected by spores within, or released from, an intermediate host. (Lom & Dykova 1992) .
Parvicapsula sp. infections in Atlantic salmon may have been allowed to go undetected for a longer period, as examinations of diseased fish from Norwegian farms have not routinely included the pseudobranch, and as the parasites are difficult to see in sections of other organs. A re-examination of cases of high mortality and gill inflammation of unknown cause may therefore be appropriate. The severity of the disease caused by Parvicapsula sp. in the present cases also calls for an exact identification of the parasite and elucidation of its life cycle.
Addendum. In July 2002, Parvicapsula sp. was detected in a fourth farm in which smolt from several hatcheries had been transferred to sea as 1+ smolts in May 2001. Thirty fish were examined, and all had severely damaged or missing pseudobranchs. However, Parvicapsula spores were only found in 4 fish. The apparent reason for this is that the spore excretion period was near its end. This finding shows that infection is not restricted to fish transferred to sea in the autumn. We believe that even the spring smolt became infected in September 2001 since this fish did not develop parvicapsulosis earlier than fish from Farms A, B and C.
